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in different geographical regions. Through this technology, it has been possible to observe how the various genotypes influence the epidemiology of the disease. [4] Such has been the importance of these procedures that they have been used as support tools in TB care programs, and according to the genetic characteristics of M. tuberculosis observed in the region or country of study, it has been possible to develop specific epidemiological and health interventions of high impact in transmission prevention. [5, 6] While Mexico is one of the countries with the largest contributions to the TB problem in Latin America, there are few reports that described its genetic behavior [7] [8] [9] [10] [11] [12] [13] [14] and even less from the southeastern states of Mexico. [15] The state of Veracruz is located in the South-East of the country and contributes 15% (2500 individuals) of the TB cases reported annually in Mexico, as well as a significant number of aggravated forms of the disease, such as poly-, multi-(combined resistance to isoniazid and rifampicin), and extreme drug-resistant TB. [3] However, detail regarding the genotypic behavior of TB remains unknown, and therefore, the objective of this study was to analyze the genetic diversity of M. tuberculosis present in the state of Veracruz using the MIRU-VNTR-24 loci technique.
Methods

Study population and clinical sample isolation
This is a cross-sectional study realized between April 2014 and May 2015, in which 113 clinical sputum samples were taken from the same number of individuals suspected of having TB. All samples were collected by the Mycobacteriology Program of the Health Department of Veracruz. Sputum samples were decontaminated using Petroff's modified method, [16] and primary isolation was achieved with Löwenstein-Jensen medium. Susceptibility testing for the first-line drugs streptomycin (S), isoniazid (H), rifampin (R), ethambutol (E), and pyrazinamide (Z) was performed using the fluorometric method (MGIT 960 Becton-Dickinson).
Variables such as age, gender, place of residence, type of diagnosis and treatment as well as co-occurrence of diabetes, cancer, malnutrition, anemia, coinfection by Human Immunodeficiency Virus (HIV/AIDS), consumption of tobacco, alcohol, and other drugs were also recorded. Finally, the symptoms most commonly described at the moment of diagnosis were obtained from the clinical file of the patient.
DNA purification and 24-loci mycobacterial interspersed repetitive unit-variable number tandem repeat analysis in clinical isolates
Extraction of DNA was conducted with a loop of cultured mycobacteria, following van Soolingen et al. [17] DNA concentration was determined by spectrophotometry in a NanoDrop 1000 (Thermo Scientific).
The 24-loci MIRU-VNTR typing was conducted following the recommendations of Supply et al. [18] Each locus was amplified individually, and polymerase chain reaction fragments were separated by electrophoresis using a 2% agarose gel. Fragment size was estimated by comparison with 100 bp DNA molecular weight ladders and independently verified by two separate individuals. The number of repeats at each locus was calculated by applying the corresponding conversion table. [19] Lineage assignment, cluster, and clonal complex analysis Genotypes were expressed as numerical codes representing the number of MIRU-VNTR for each locus. Lineages were identified individually using the similarity search module [20] of the database MIRU-VNTRplus (http://www.miru-vntrplus. org/MIRU/index.faces). [19] The dendrogram was generated using Jaccard's distance matrix and neighbor-joining trees. The Hunter-Gaston discriminatory index was calculated as previously reported. [21] Clonal complexes (CCs) were identified using the minimum spanning tree module in the database MIRU-VNTRplus, [19] considering 12-, 15-, and 24-MIRU-VNTR loci and maximum differences within a CC of one, two, and three loci.
Association of epidemiological variables and genotypes
The data from the patients included in the study were analyzed using descriptive and analytical statistics. To identify associated factors, Chi-square tests were used with Yates's correction and Fisher's exact test. Risks for all recovered variables were evaluated using odds ratio (OR) and relative risk, considering a value of P < 0.05 as significant. All calculations were performed using the software SPSS (IBM, New Yor, USA) version 12 and Epidat (WHO, Ginebra Suiza) version 3.0.
Ethical concerns
No physical interventions occurred with the patients. All information collected were confidential, and written consent was obtained from each individual. Ethical issues derived from this study were overseen by the respective committee of the Public Health Institute of the University of Veracruz.
results
Population characteristics
Of the 113 samples retrieved and processed, only 80 (65%) showed grow of clinical isolate and were included in the analysis. The characteristics of this population at the moment of diagnostic were: 65% (52/80) corresponded to men and the average age of the population was 42 ± 17 years. A total of 46% (36/80) stated that they were single; while 55% (44/80) presented an elementary level of education or less, all individuals claimed to be from Veracruz, with 78% (62/80) from urban areas and 31% (24/80) living in overcrowded conditions. A total of 25% were unemployed (20/80), and 50% (40/80) and 46% reported having drunk alcohol and smoked tobacco before the diagnosis of TB. Only 4% reported that they drank alcohol at the moment of diagnosis.
No individuals were found with cancer and HIV/AIDS infection. The most frequent comorbidity was type 2 diabetes mellitus, which was present in 30% (24/80) of the population, followed by 4% (3/80) with malnutrition and anemia and 3% (2/80) with gastritis. The most frequent symptoms described were fatigue 76% (60/80), weakness 75% (60/80), cough with mucus 70% (56/80), fever 68% (54/80), night sweats 56% (44/80), and loss of appetite 51% (40/80).
All individuals were classified as a new case of TB, and 84% (67/80) were diagnosed by acid-fast bacillus testing. A total of 26% (20/80) claimed to have been in the previous contact with someone with TB before acquiring the infection, and 17% (13/80) showed resistance to at least one first-line drug while 6% (5/80) were identified as multidrug resistant (MDR).
Molecular typing, lineage assignments, and cluster identification
Of the 80 clinical isolates analyzed 11% (9/80) were singletons from which 9% (6/80) had not a lineage and 3% (3/80) were classified with lineages Ghana (1/80) and LAM-5 (2/80). Finally, one isolate presented the pattern of the species Mycobacterium canetti [ Figure 1 ].
A total of 71 (88%) isolates were placed into two groups [ Table 1 ]; the first consisted of 36% (29/80) of the isolates, which were included in seven lineages [ Table 1 and Figure 1 ]. The most abundant was LAM with 11% (9/80), forming four subgroups with two isolates each, LAM-1 (strains: 121 and 146), LAM-2 (strains: 208 and 66), LAM-3 (177 and 106), and LAM-4 (239 and 240). The EAI lineage comprised 9% (7/80) of the isolates (161, 34, 140, 106, 74, 168, and 31). Haarlem comprised 8% (6/80) of the isolates, forming the two subgroups, Haarlem-1 (209, 273, and 218) and Haarlem-2 (196, 36, and 287). Two lineages included three (4%) isolates each, H37Rv (187, 87, and 108) and S (245, 28, and 92). Finally, 2% (2/80) of the isolates (275 and 110) were identified as presenting a TUR lineage [ Table 1 and Figure 1 ].
The second group was formed by 52% of the isolates (42/80) organized into 12 clusters without a defined lineage (orphan group [OG]): OG1 was formed by 8% (6/80) of the isolates (79, 94, 96, 169, 107, and 160). OG2 comprised 7% (5/80) (strains: 157, 158, 118, 181, 33, and VNB2). OG3 comprised 5% (4/80) of the isolates (103, 125, 278, and 122). OG4 included 5% (4/80) of the isolates (69, 120, 178, and 268). In six groups with three isolates, each was found the groups: OG5 (71, 180, and 255), OG6 (68, 151, and 139), OG7 (126, 137, and 238), OG8 (149, 230, and 135), OG9 (42, 24, and 88), and GC10 (109, 115, and 111). Finally, two groups were identified that comprised 2% (2/80) of the isolates in each group: OG11 (158 and 30) and OG12 (86 and 17) [ Figure 1 ].
The HDGI analysis displayed a global value of 0.96, which is indicative of high allelic diversity. The most diverse loci were QUB26 (0.83), QUB11b (0.83), MIRU26 (0.77), Mtub04 (0.76), MIRU10 (0.75), and MIRU40 (0.75). With medium diversity, we found MIRU23 (0.64), ETRC (0.63), ETRA (0.62), MIRU31 (0.6), Mtub39 (0.6), and MIRU2 (0.55). With low diversity, we identified ETRB (0.43), Mtub34 (0.43), MIRU20 (0.4), and MIRU 24 (0.34).
Identification of CCs, considering a difference of three loci, with the set of 24, 15, and 12 loci MIRU-VNTR, revealed one, six, and four CC, respectively [ Table 2 ]. Considering two loci, the number of CC with the set of 24, 15, and 12 loci was 0, 4, and 5, respectively, while considering only one locus of difference, the number of clusters decreased to 0, 1, and 3, respectively [ Table 2 ].
Association of epidemiological factors and genotypic characteristics
The search for association between sociodemographic and epidemiological factors with the clusters showed OR with a significant relationship. A significant difference was only found with two variables and four clusters. Being a male and belonging within the clusters, OG1 (P = 0.01), OG2 (P = 0.03), and OG9 (P = 0.03) and having type 2 diabetes mellitus and belonging to the OG10 (P = 0.02) cluster.
dIscussIon
The MIRU-VNTR 24 loci analysis shows that 88% (71/80) of the isolates were located within 20 clusters, displaying an important level of genotypic diversity circulating in the population. The LAM lineage was the most abundant (11%); this coincides with national and Latin American reports where it ranks as one of the most frequent. [11, 14, 22, 23] No association of this lineage with epidemiological or clinical features was found. Finally, four LAM subgroups were identified, which could highlight several points of dispersion of this lineage within the population. EAI lineage was found in 9% of individuals. This lineage has been described in the center and southwest of the country. [9, 24] All isolates in this lineage formed a single major group, demonstrating the expansion of this group in the population. Despite the fact that no drug resistance was identified in these isolates, it is considered necessary to implement close monitoring of individuals carrying this strain, given its virulent character, and tendency to develop resistance. [24] Regarding the Haarlem lineage, this was observed at a frequency of 8% and has been described frequently in countries from Northern Europe and Central America. In Mexico, it has been reported with a frequency ranking from 2% to 15%. [10, 13, 14] The remaining lineages found (H37, S, Tur, and Ghana) have been previously reported in Mexico; however, it is important to note that the X, T, and Beijing lineages were absent in the samples analyzed, despite the fact that they are frequently referred to in other states. [7, 10, 11, 13] Isolate number 25 showed the characteristic pattern of the species M. canetti and was also identified as MDR. The individual bearing this strain was a man 56 years of age, who lives in an urban area and did not report having had previous contact with a TB-infected person. The occurrence of this species is notable since it usually does not affect humans and is considered as a zoonosis that is predominantly described in North African countries (Miltgen et al. 2002 ). However, it was not possible to identify the source of infection in this specific case. Further studies will be required to identify the origin of this isolate, considering its MDR character, and the fact that it is one of the first descriptions of this species in Mexico.
Table 1: Distribution of lineages of mycobacteria isolated from Veracruz, Mexico, based on classification by SITVITWEB of the 24 loci mycobacterial interspersed repetitive units-variable number tandem repeat set
Species Lineage Frequency (n) Prevalence in % (n=80) Number of clusters (number isolates included) Singletons
A total of 60% (48/80) of the isolates were without a specific lineage, possibly due to the high discriminative power of the technique of genotyping MIRU-VNTR 24 loci. The OGs were the only ones who showed a significant association with certain sociodemographic variables, and these included four of the five isolates identified as MDR-TB. There is no doubt that the application of other genotyping techniques [25] [26] [27] will help improve the assignation of these isolates to specific lineages or confirm their orphan status.
The high allelic diversity observed in 25% of the loci QUB26, QUB11b, MIRU26, Mtub04, MIRU10, and MIRU40 coincides with a previous report from Mexico. [28] This diversity could help explain the low presence of CCs, even considering 1, 2, or 3 loci differences in the three sets of MIRU-VNTR loci analyzed. While Mexico is one of the largest contributors of TB in Latin America, there are few studies exploring the genotypic characteristics of the isolates circulating in the country; this is even truer for reports related to description of the set of MIRU-VNTR-24 loci. [14, 28] Cluster analysis of the genotypes described here versus 140 isolates characterized by MIRU-VNTR-24 loci from BC, Mexico, [14] shows the occurrence of 22 isolates, 13 from Veracruz and 9 from BC, forming five groups with similarities in their genotypes [ Figure 2 ]. The first group included one isolate with LAM-4 lineage from Veracruz and two isolates from BC. The second comprised two isolates with a LAM-3 lineage from Veracruz and three from BC. The third group included seven isolates with EAI lineage from Veracruz and two from BC. The fourth group comprised one isolate with S lineage from Veracruz and one from BC. Finally, two isolates with TUR lineage from Veracruz showed similarity to one isolate of BC [ Figure 2 ]. This evidences the possible existence of genotypes circulating in both states, perhaps with a wide distribution across the country. However, the absence of patterns of MIRU-VNTR-24 loci from other states precludes a broader analysis to confirm the occurrence of these genotypes. This reinforces the need to implement a system of molecular epidemiological surveillance of TB in Mexico, where the information generated will help assess at greater depth and detail the behavior of the different TB genotypes circulating within the country.
The main limitation of our study was related to the small number of isolates analyzed and the inability to perform additional genotyping techniques, such as spoligotyping. Undoubtedly, an increased number of isolates and incorporation of genotypes would generate a better description of the genotypes and lineages present as well as identifying factors that might be associated with some lineages, clusters, or CCs.
conclusIon
Notwithstanding the preliminary nature of this study, it was possible to appreciate an important diversity of genotypes circulating within the study region. Further studies related to the epidemiological and molecular characterization of TB in Mexico are required to obtain a more precise description of the behavior of this disease within the population of the country.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest. 
